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(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a tunnel 
magnetoresistance effect element, a tunnel magnetoresistance 
effect head and manufacturing methods therefor, which provides a 
high TMR ratio and low resistance at room temperature and allows 



the thickness of the tunnel barrier layer to be reduced, as 
compared with the conventional cases. 

SOLUTION: A TMR element 70 has a laminated structure of a first 
ferromagnetic layer 24, a tunnel barrier layer 30 and a second 
ferromagnetic layer 42 laminated in this order. The tunnel barrier 
layer 30 is made to contain nickel chrome oxide NiCrOx, etc. 
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*>*>'PU< it litftbci tttfctr* IfeRfllfic 

[Sfrftll 1 ] W8S»BHtW»tt % *>*;b (T 
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1 ) . $>^xf> (W) , S/«3>(Si). 
(T i ) , a^S^A (V) % ^-^A (Ru) , U 
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£6fc, ccds v-fe>-trai, 2 o<oKfiBEtta<D ^ 
fc©l^fc|*J£-raJ:5«:> fljttf, *v>*f> (Fe 
Mn) ^t^fltSti^Saifctt^JB (hT>Jh»») 

©Hfc«*»IS^^0, *©*»tt»©»{b#ffl;M9 

mtitm (MRjrb) 

[0 0 0 4] *ittTtt, h >*)Vm$mmm (Tunnel 
inq Magneto-Resistance, TMR ) &$rlA>M 
R-fe>1f (TMR-b>t) ^aimfSEAME^affiT 

*^fi^SS (Magnetic Tunnel Junction, MT J ) -fe> 
30 If, **C^«»affi!3S h>*^fi^a (Magneto-Resist 
ive Tunnel Junction ,MRT J ) *fe>if <t fcP? tfti. A 

*«CTMR a^ar AtOfc MB ^nt^e SSfc <b 

UtaB3WJ:^W-3/c. Ctl^Lt^ Mooder 

h>^JU^o k J ("Large magneto resistance at room 
temperature in ferromagnetic thin film tunnel iunc 
tions",Phvs. Rev. Lett. v. 74, pp. 3273-3276,1995 ) fcfE 
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40 "Cl^o 2o(D^14®(7)^^. — ^T©^»ttB«. if#S 
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(5) 



2002-237628 



8 



2o(D^KttJ10Xt:->^@^CC*<te#-r^ 0 -fe> 

gfb3n& e 2 ocD^ffittiioefk^fSi^si^csw 
Cc< <ao. **tt«^laR. B #»6*i*. — 2 

ML -Tttto*. ¥fTtt«iHTff«Wi©*IHOttlB'C 
tt. S^ffitSR. ttR„ £ R P 3 

r. p >r.>r„ &confli«W5ti&. cne>oiB^ 
*«fflur«««fiiSE{» (TMRtk) Si, 

AR/R = (R aD ~Rp )/R P i»TCi^r^^ a 
[0 00 6] «^»«#cc*jws»fta»©J: 5«c % 

©«Mb, l-ft*>fe. «^ttWb#iai©JllBtfb«:«-5 

Vrms = ( 2 • e • I • A f ) 0 
[ 0 0 0 9 ] C ©i/ a -/ h y ^ X%fiSEt-5fCtt, TM 
R-fe>*<OS^ffiaSfflRimiAi(D«R • A (RA4 
E-T. ) ©■t'M<fhttJ:l,» i TMRfc>-*©»ift 

situ" Mibffi) *»ffl-rntf fc RA^fii^-rscitipj 
S^ffi»fcoi>r©S^ffitaffiR' «. R' =ra/ 

aWtcttfff-r*. Cti*arStiR*exp (d • 4> 
0 5 ) <t&£. ^S!nffiR^ffiT3-tf-S/c2?)tc«, h 
>^^i;raoj«»d««d>3tfnaj:c». 
J¥3 0. 7 nmHT©r;l/^^A (A 1 ) Jftcafttt 
g£$K*b©ffi£ISL,fc: h>*^<'J71tm*TMR 
■fe>*r». 15QMm J IgCOfi^RA^Ci^ 
5 RA^KfiWcfei/ayhy 

Kteafflr**<fcjWf?3ft-ct,»* D 

[0 0 10] 
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[0 0 0 7 ] LafeU TMRt>^Cfc^r«, HTM 
RJt iS^ffi!n«i<t ©M^Hftr* & <t l> 5 IWffl#* 
TMRJttt, 2o©»88ttJiCCteW5*tl^n<DX 
f>»a«l|:b«|-rS. Parking J: £ r^ftAVT^l 
»h>^Jl/^*5J:^}i^ttmmRAM^CD^j (" 
Exchange-biased magnetic tunnel junctions and appl 
10 i cation to nonvolatile magnetic random access memo 
rv",J.Appl.Phvs.,v.85 f pp.5828-5833,15 April 1999) 

(cent*. 2oo»«fgw*fi»«ca*-&*>*«cr* 

4 0»SBt©TMRHyWttt3nfcCiaW«3tir 
COcfc^^riSC^TMRtb^ft^tiri^ 
CCfc^t>%-r, ±8B<DJ:5ftTMR^>imW£-N* 

? h y a x h jure y tjb *ffl»"r*RtK:£ 

X) % ff^Jimb <S/N : Signal t 

o Noise ) #{S<&^TU£5fc#>T&£ 0 CCT\ > 
20 3 sr r y XV rms , •fe>XlS I , S«»»«A f 
ctu^ffi8taR©«I©H«tt, «T<D ( 1 ) Sti 
3n& 0 #4b\ a*e«««Sfit?*0fil. 6X10 
- 19 c (*-a>) t-£>£ 0 

[0 00 8] 

• R . . • ( 1 ) 

d&tnaR<Dffi«€C»!£W&3tl&. UfeLtetfe. T 
MR*>«f#«x.fcSl> h>*^«J7W3*»«C|W 

30 *Jl>-CMH<fc&£. ^^fc*>yXS<!:«, TMR-n* K 
(DABS (Air Bearing Surface ) (D^JiSffiffiK:|l||to& 

x*ir&£ 0 TMR-fe>i^(Dh>^;^^;rs«^cc 

*«*L<. «^«!SfflR©(S«^6tt3ti*B*ta 5 ' 

40 m*tZ>i><Dt%;&o 

[0 0 1 1] iC^r, TMR^itm 1 9 75f 
tCJulliereCO rttnttMinBrO h >*iUS»*J ("Tun 
neling Between Ferromagnetic Films" .Physics Letter 
S.54A225.1975 ) tCXMlC htlX 1 
9 9 5^*TCC«S3tl/cTMRi2>1f«, SiSTK:*j 
W^TMRtb*«fi< . m^C*1^29<gaK:i« 
^>4>Or^>o/Co -Milt, S.Maekawa *5<i:c>'U.Cafv 
ert K<£* r»lffl©l^h>^;«j ("Ele 
ctron Tunneling Between Ferromagnetic Films" f IEEE 

50 Transactions on Magnetics ,WVG-18, 707-708,1982 ) tfi 
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M R Jt w 2 %*ffir £ . C © »igte I > T T M R tb&* 
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Tr*#tt«a«!a*feoai»ttS|g| h>*;l« io 
a- J ("Large Magneto resi stance at Room Temperature 

in Ferromagnetic Thin Film tunnel Junctions" ,Phys 
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^A(Al) l^lll/c©^, TJb5^9A (A 1 ) 
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0<fc^/j:J:tS[^C^^ffitrtffl^fc^TMR42>1f(D* 
»*tA\ S^MRtb*^Tfc©&*£#> S/ 

NJfc«<sc>©r. nzti&imtfi&to^. sect, uss 

«>. S^SCxfilCC^ £ S/NJ£®ffiT« J: 0 SE^J&pgB 
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[0019] <fc4 h V + ^WBafilaJasSR^r 

tt. Mtttm^ r;i/S-?A (ad, 

£>£;U (Ta) , (T i K j\7 — Va (H 

f ) . ^*>"}A (Mg) , >'J3> (Si). 
=J^^Afci^n60^0»{b!»^6tt*8©^% 

[0020] j:* b>*>mm&iK$hmm*x 

h>*;^<»;ri^ ^7^^PA (NiCr) 

y^frhUzm&^^oypteK, t fc i s^^flnur/j:^ 

[002 1 ] *«?8«c <t& h >*^fiB»ffita»** J ?-r 
(NiCrO, ) *SirKfb^#»»*W"r*C£#a 

[0022] *^^<j:^> h >*)\,wsmvmgmi-x 

«, h>^^'J7i^ lHT®J¥ckO 2 nm£r<D 
«E*r*SC<fc*«a*l/C». C<D»^, fit*J:0feJ»* 

<*c<b^r^€> e 

[0 02 3] *IHH«: J:* h >*^^«C05W3R^r 
« % h>^ou^-yr^«, l. inm«Tco^r^>5 

[0024] $ e>«c, *«?8cc<fcs h >*iu«afiCija 

■©Wb^*^*l^«cH3er*S*8SttlB*«iLr 



XL 

[ 0 0 2 5 ] *fmtc h >^JHa«fi!Sj8!j«3R^r 

»»ttf>K»3&^ ;Ux^^A (Ru), 
(Re) , P^^A (Rh) > m (Cu) fc^'^PA 

^estt^ ')-mtc^z*>mw&/i^<-?zct&vim io 

FB«: k £>£;k ^pa. ^£>. ^.^>5r;l/^ 
DA§i (N i c r ) ^fc^c^^^vi/^aAlfc (N 
iCrFe) 6&&gf<7) 5 *i4>& < i^>H^ 

[0027] ^leweci-s f v^ju^stseuuRT-r 
*>#;k §0, <Pt> , >^ 
>>^a (Pd) , tfn> (B) % mm (O . r;i^~ 20 

^A, ^>^Xf> (W) , '>»J3> 4 ^£> v 
£A (V) . ;l/«r-^A, U^^A V ^r?^-^A, 

[0028] b>*>mfmm®mm*<D 

«c*fi8tt7 »; -H£^t?SB 1 ©*«*jBfiji-r -sxei > 
- y T^t'pu <ti>i m<D*mmmt z^is&&m 

ttf> FJB*Stf»2 SXS£*£tfJ: 

[0029] *iew«c<t * h >*>mmmmkm*<D 

^ko/ccdt\ F>*iu^yrJi©i»M»s*iB«ra 
[ooaoi^^eciiFv+^i^aisawsR^o 40 

F > * ji^< riopiiii s £ cfc D ear & c <h #r * 
[003 1 ] *#HB«:j:a F>*;HBa«CB»«3R*© 

mamma** #v*d*. tji*~v 

A v £>£;k ^£>. v^-T^A, 7n->^A, 5/ 
^;Ur3^^Afect^n6(D^(D^fb^6 
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[003 2 ] *!MtcJ:* F >*JW^a«B»WR^O 

«js*afer« t F>*^urji©»isx«3&j. nic 

[003 3] *?HHK: J:S F >*;u»affilSS5S»*^© 
«jft*i6-ctt. F>*^urii©jBflD:g^ Nic 

[0034] *«§8cc<t-5 f >^)vmmmsmm^<o 

F y rs^ 1 jaTBff <fc 0 2 

Jcofe/f*^**^©^ Fv^i^yrnotHflccj: 

[0 0 3 5 ] <ts F >*^»fl«6iBa»* J F- © 

[0036] f >*^as«staja»**© 

5Ersjs»«EttH*. as»tttr> F»±«c|»8rrSJ:5 
[0037] **wec <ta f >^jnafi{SMfT0 

t>^PA*>6fc£g¥<D5^4>&< 

iitf ci(cJ:^THii8B?a»ttf > F»*»ss-r*xa* 

[0 0 3 8 ] *«9!CC J:i F >*;b88«ajajaaMR^© 
A^£:fc J: O'^ ^il/^P A»j-&^ hUZ>U<D*)%'J> 

fj;<£i> l«*dto»»«cj:0t/- FJB**fltr*XS 
[0 039] *«93CC J: 4 F > * ;U^afaJ»»**<0 

>, y'Jn>, ^^>, At^^A, ;Ut-^-^7A, U-=- 
[0040] *^Hjtci:4 F >*il/8BtafiCija*a^ 

c©Sf2©««y- FH^eisi ©«ay- F»^ 
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»y - K»©fflteB«ur»w h >*;wa«aia 
mm* omt^Aiva AKKfb^rttttOfflBtt? y -«* 

^ y-»*iJ:OTttBtttf> F»©8Wliec»urK«« 
itK: h>^;b^^n^J: ; 5CcffM$n/c F>*jU/< 
ur«<t*ii^, c©F>*<rt^<yrJitt. ^>^r;u 
i . < 4 * 1 «©*fi8tt»»4 «dtrlM kd^ill io 

[0 04 1 ] #^bjk: J: a F >*;H««a!SJ{WaE^ „ 

/cor, h^^^^yrjioBSiss^iBa-r^ci:** 

Kr«, muktmtfi. ^a, ^y^f r >, 

a r. ^ a *> J: # y ^ A#> 6 & -5 ffif O 5 *> Qd>fc < 
li^ri^ci^gm^ c©»^ h> 20 

*^yrjB<DBeK3«r«fc»)fia-rsc43&«t?#s D 

[0 04 3 ] *«9Bfc J:* F >*il/«ffl«SJS««S^ * 

Kr«. #«tttttt**, */y$A, tju^^a, 

/>:?~^a, v^*->^a v 5>yn> % 
rn ^ ^ a J: O*^ ft 6 <D&&<DttHtmiP h &g¥C> 

<Dm&. F>*^yrfli©BffiW3*J:0(BKr4C 

[0 044] *#MHte J:4 F > * ^fiSSttitaSWIS^ * 
F-Ctt. h>*J^<yrJB», NiCr^fC, 30 

[0045] <t* f Jbs^acias6*ga^ » 

Fr». h^JM'jrift (NiCrO, 

>* jure y TJB<D»SiS3 £ J: 0 WBfrZ C <L#T£ 

Z>o 40 

[0 04 6 ] J;* F >*iW^«!SS»»a^ * 

[0047] ##«hcc f >*^aa«atS3H»aE^ * 

F-Ctt. F>*JW*yr/itt> 1. lnrnJ^T^il^-C 

[0 04 8] zhicmmsc&z v^^^mmtm^ 

fi^?Ftt. 3a«f!fefcr>FJl«:[Bjgu c<D$S®ttf> so 
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F»<Ofittft^*»ffi*I^^Hffir*SS»aBEtt««rflliL 

[0 049] *!HHfc: J:* h > * iW8B»ffifaS3!«H^ * 
FTtt, »«tttr>FJBtts. a^j^a, U-^a, o 

ssftBSttwccis^r * 2 ooamBtn^^^rc^s c 

ttb'V F»©f¥Sa8Sf3W«fitttt7 y-fBCc^ASiai* 

[0 050] *ffeBjtCcfc^ h ^*MBMBffiM3ar* v 
Ftt. ^IStt^ y-»©T«:w«-r*^- KiWL, 

C©S/- Fili, £>*JI^ ^OA 4 ^£>, NiCr 
^#*>%*:C>*N i C r F e^6ftSJSf©^il>«:< t 

[0 0 5 1 ] <fcS F >*JMB««BB»!W^ * 

A, ^U>, r;b^^^A, ^>^Xr> 4 5>y 

^^>, a, ;U-r^^A, 

^^^AfcJ:^v^^^^A^6^^>gfcD ; 5^^< 4 

[0 05 2] **58CC J:S h ^*J}mtS3SmMm^ v 
«JHMt**UU*-* h>*JMW«fiaMia[^» F©« 

^at^ot, s«±cc. mi ©«»y- f»&, f 

^2 CD^a y - FS^6« 1 ©««y - F«^-te>*^ 

ec^tflittaaiSBtt^ y -ji*dtf» 1 ©*ffi*»jar 
z^ts^mmzmit-rzcttcj:*) h>^^'j7i 

5«fiBrttt:> F»*s«f*2o««*»fiS-r-sxg^^ 

[0 0 5 3 ] 

*#JH0T. **SS©JKS8«:«& F>*JWK«&lffi»£: 
(TMR ) 9Rm<fctfCti*dtr F>^^B3E»fiCBa* 

m (tmr) -v-^ F©»fiStcoc»ritti8-r5. 

[0054] &*5, *^(DHifeCD^CC«, «^ 
[005 5] <TMR^teJ:0'TMR^7 FO«fiE> 
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Bit** $*iOiM^TMRl^7 O^tfTM 

z&fr2titcmmzm&&ztc&<Di><D-c$>t), @2k 

[0 0 5 6 ] TMR'v* Fit*. S«9CD±&C, T$f>m 
»y-FJB10> TMR^7 0fcJ:a%«15 0 t ft 

6wc±»*fiiy- f»6 o^jeccan$n/c«tii^w 

CCC, TMR^7 0«^®5 o testa 
Sh, TMR*^7 0©TfWW*TWt«U--FJil 10 

[0 0 5 7 ] T»««y-F»l 0*J:tf±»t«y- 
Fll 6 0(2. OCC^tU-C, fgJfSCCffitfr 

*|Sj«c-fe>x*»*SlE-r«i*l!Bi 

To I6RJB 5 o rasma y - fib 1 o <t ±35n» y 
te. T£pmm y - fjb 1 o «, t^o rjg i com« y 

- FJBJ ©— Af*Wc»j£U ±a«ti y - FJB 6 0 
[0 0 5 8 ] T«««y- FBI 1 otcgtr. TSB^S 

2 o swbas n. c (DT&nmmmi* 2 0 ±«: f 
>*;i^yrJB3 o*5<tcx±SB«ffi«»tt4 otfttccfli 

riioiij ©-SttWfcttceu ±95?IffifSJI{*4 

[0 05 9 ] h>^;M.;ri3omt«^^T 
»«ffllJi#2 0*5<tiy±»*«WB#4 0B. 

»ttJB*^A/e<,>*. rasuM y - f 1 0 ©±»*ii± 30 

tc^j£3 ftfcT8B«ffi«JBf*2 0 t*. S/- FJB 2 2 <b. 
FJB 2 2±K»Jfc3ftS»»tt:7 y-JB2 4 <b^ 

f&ztiz&m&y y-»2 4<D«^tt±isfitt*fii± 

[006 0] ±2Pmm«Jtf*4 0 38814 b'> FJB 4 
2. M^ffil (SflftlS^JBitPftfti*) 4 4feJ:0' 
«BBB4 6 3&J*«c«RSSii/c»JS«:WLrc^. 88814 
e>F14 2tt, HSJB<fcfeP*«n&. Ctitt. TMR 

as 4 2 cc £s&^*r- ^ > h (ommtEsmum 4 
4«cj:ors»cf 6*1. »fk*rfij*iH3£3*irt^^6-c 
#>& 0 — -7 y-a«sasttH2 4©»a j e-^> ht*@ 

r. ««ttfc->FH4 2©»ft*lfiI4 3(*i^gRa»CC» 

©SBftfrfil2 3«. 5*flHB^ttlMXIB-C. &®ttb*> 
FJB 4 2<Dttfb£ffl4 3tCttLXm&1ClSLmT&<Dim 

50 
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[0 06 1] -fe>X«a« % ±»««y- F16 0^6 

T»«ay-FJBi o^roj^oTi6*i^o o/c^or. 

§ii4 6 4 J5&&&ttJ14 4. Br«tttr>FJB4 2. h 
>*;l^y7JS3 0. 83814:7 y-JB2 4. 5/- FJB 2 
2*5<ta f TSP*ay- FJB l Ocd»c. »JBtBCc*tor 
SiSCciiitt-rs. F>*Jl/'<yrJB3 0*ift*-iS h>* 

;i>®sfc©»*. h >*;uk y 7JB 3 o (rcmxhtixmm 

UTIr»4 2o©ai»ttJB(D«ffc*lRl, rtttoft, &®14 
7 y -JB2 4©«ft*lft2 3 <L&E$f4b*> FJB 4 2 CD® 
^b^4 3 iC0ffi*tW<C^|oJ«:«cffrS. CCDct^C, 
TMRJRWtJ. ±8M»y- FJB 6 0^6T»S«y 

— fjb i o^i««aB3&$*j5dES*irt»a. 

[006 2] aa«IB»«l*^6C0»»CC<J: ot, ®<b^ 
fpJ2 31*. ffifc*rnJ4 3CcWf*SC^*S :s PtfCC&4 J: 
5te@IE-r*. Ctoot 2o<E>8a»14JB* r**> 
*>. ^tt^y-J12 4*c5cta : ^ttb>FJ14 2<7)® 

hcDtB^Wffifttf^bO. £6Kh>*;u^ 

SfcOfifc^toS. <fcoT. TMR1T-7 OcDS^SCtffl 
tfSffcU C<Dtgta^{b&2. ^-f ^^KtttSSB 

(BKH*?) KJ:oriH*«B(6fttur*tBS*i* W 

[0 0 6 3 ] <TMR^* FOKjg*ffi>3CCC. Bite 
iO f H2*#MOr. TMR**7 0**tfTMR^5» 

f i c«ji^ffi*aMii-rs. 

[0 0 6 4] £*T. S»9CDi:CC. ^^?jry>^«(C 

fcot. c<Di»3gw<D±tc. tmo««tt#tttt«m« 

aJBL/c«Jfi, ^>^;i/. S3, *>*;i/*JBK: 

»JBLfc«JS*6ft*T»««iy-FJBl 0*JgfiR-T 
^>o T8B«»y-FJBl OiO-SPCCTMR^T- 

7 0^fi£*r^»<bSK:. ^COTMR^T-7 OCO/^HM^ 

^rS^iA^ £ ^ccur. T»««y- Fil o±^cr;b 

7 0teJ:O'te»JB5 O^S^cfc^cc, ^^?^y>^9 
tciO % ^>^^, Si. ^>^;u^JfflccS^u 

/c»jfi3^ 6&-5±ac«a y - FJB 6 o ZBte-tz. 
[0 06 5] «±CCJ:0. F>*^^JSfia»»*«ffl 
«TMR*^7 0i, TMRST-7 O^Ut, QJI 

spmmy-FH 1 ofc^±ajiM';-Fi6 0) 

[0 06 6] CCC. TMR^7 0tt, «^.«. -X<D 
Jz^lCLXmi&ZtlZ. B2CC^L//c<t^tC, T3Jm® 
y-FJB10±(C, ls*?WtC£*)is- FJB 2 

2^^utrh. ->-FB22(*. ^>^;b(Ta). ^ 
DA(Cr). (T i ) . i^WDA (Ni 

C r ) ^J:^^i^PAa (NiCrFe)^ 
^6&S8J:OaJR3*i*«»ccJ:or»J3E3*i-5<0 
*>-FJB2 2±K:. */***y> 
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?mtC£K). ~vtr)l& (N i F e) <&&£zvij\,b&. 

<c o f e ) ^i^itcai^ Mmm<omm»& 
sras v - fjb 1 o ±ec, TSBmss/i f* 2 0 

*mz.tt. smmitm u>t>o>z % in sit us) 

•J7B3 0*»i3W^ h>*;^»J713 0tt. fS 10 

[0 06 8 ] h>^JM«;7l3 0£ff^L/cf£, Co 
Fe^f(Dlt41, (Ru) *<D#«ttJf 

>F»4 2t»Str*. ft*f, *7SLl4MB&hr>F« 
4 2(i, ;l/f-«)A©ft{cur.«)A (Re) k n^^A 
(Rh) . WfcJ:tf*nAS;fr6&£RJ:giIlRSft£ 

rty*V>#9tcl:*)* a*7>#> (PtMn)64 
»^6«c4H»«tt«4 4*»*r*. 3S»tttf>FH 
4 2 ^S?»8BtttJi4 4 <fc(D»ffiCC*jl»rX»»^* 
Ds FJB4 2CC*5^-S«fk©roI** s HffiSn 

£ Q &mc. JS^»ttH4 4±CC. *>#;l/;fr>6fc&ffi 

[0 0 6 9 ] < ^ v ^J^PAif^ii^^tfTMR 
S J fOSffi>5taiL//cS.Maekawa te<fc<>*U.Gafvert tc<£ 
htmmmmWiV^Y^*)^^! ("Electron Tu 30 
nnelinq Between Ferromagnetic Films", IEEE Transact 
ionson Magnetics ,M<\G-18, 707-708,1982 ) CCfctltf* 

h>^;i//>*';rjico«5f4i Lx^vtDvmtm (n i o 
x) *aflaufc»^. -en^saT-e»5«ffltt*is 

TMRifc*«S6^d:C» C i tt936*r*^. LfrU N 

i oxoxw-t't (mmmztbmttiz) 

[0 07 0 ] *3ltt©»«CC«4TMR*^-*»Str-S 

a. ^d>. mm. r^^^A, *>y*?->. > 

yJ^^OA, V>7*5^A % 4/'J4A« 50 
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[007 1] ±K<D^!feSIS*:BMb#iSU h >*;l^' 
•JTJBtCffifflTtitf. TMRS^©86HSfi?:l5 
«t*5<E:±*>k:, ^FS^b->7»j *?*!fcSL£<K«-r 

t#e>ft£fc(£rC&£ 0 3t^|*fi<DJBS8(DTMR5RT7 0 

^cda i o, F yrJi*w 

[007 2] <^^ffi!afflfcJ:Cf TMRJt©fiBEi8«cS14 
»*H*feCD^<7)TMRS^7 OCD--0J±OT. NiC 

rOx (-^;l/^aA^©M&) cd r>*;l^'>> 
713 0A?:WT^TMRiT7 0A (UUm 1 ) 

(A I Ox) ©h>*;W<'J713 0A' 
MR^7 0A' ( l x l a m 2 ) ZBf&Ltc 0 #Cc\ 
SMTt'TMRS^ 7 OA, 7 OA' CCfiBStlfcEPfllU 

^«!Sffl*jJ:afF>*iU»»aBaffc* (TMRit) 

B3tt, A l Ox<7> r>*;U^';r«3 0 
A' *WT4TMR5R^-7 OA' xm*>tltd£$k (0M 

W r^i i4it N i c r Oxcd h>^;u/^;rJi 

3 0 A^^)O$J|]ft0fi(DTMR^7 0 ATff 6ft 

/c*s*r**. H3*j<fcvia4ttKcc % swj©*a«^g 

^ffiinfiRig^IiAi(DiRxA (RA) £t*U 
«fW©«ftt^TMRifc47SU v 3 6CC««*SEP»no/c» 
ifH£^\ CCD*g|rfflC^ti/ch>^;b^'»;TJ13 
0A(i, /¥^0. 9 nmCDN i C Tm*mtLXJfm 
U — h>^^^'y713 OA' te, Jl^O. 9n 

[0 0 7 3 ] ^3^C^U/ci:^CC, tbB^£LT»fliL 
/cAlOx^6^^h>^JM'J7l3 0A' &mir *> 
TMR^7 0A' lSTrRA{i«J15 0QM 

m\ TMRl:te^l8 0 /or^o/c 0 — # v 04&Ot;L 
fc<fc5ic, *m$&<DBm(iCj:ZN i C rOx*645 r 

>* ru 3 OA^f-ri) tmri^ 7 0 a 

»^JS5tfflRA^6. 6Q^m 2 tb$5W (A 

iox) ^Ofett-s^ecisc^fii&o/c. ^6tc, 04 

fC<fctltf. TMRI^-7 0 ACDTMRltbtmmtcmfr 
t,C/h£tj;mXih2>Z t&t>&2>. TMRJ:b^/h$ < & 0 
/cJRH«, Xt >7 y >ytJcSL<7)i^0ci;^^C7)<h^x. 

[0 0 7 4] <^8^ffi««l¥tt»3MI«<D*»CC(»ST 
MRS^ilt, NiCrOx(Dh>^^'J7i30 
B**-rSTMR*^7 0B*JBJ3EU Jt««iLrA 

10xOh>^;^y7im^)TMR7 0B' 
fiXO/Co cn^)TMRiT7 0B, 7 0B' tcoc^r. 
g^iair^il, JK^«nfflR©a<k*iHEL/te. 
CCt, h>*^/<U 713 0 Bti, il^O. 9nm<D 
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N i Cr«*»{tLT9fcfc<Dr*rK h>*;U 
^V7I3 0B' te, /I<fr0. 9 nmOTJl^-^AJl 

«#fcra^«jSR*«u hmk»«£h»a**t. * 

*lfi©«Jir*SN i C r Ox£^tfTMRST-7 0 B 

^AlOx^TMR^7 0B' &C-ot,>T(D$'J£ 
&3k$:+X'ya v blstc. m5lC7jkLtc£*>(,C s TMR 
3R^7 0B. 7 OB' ttft ^HB»A#»£«tSR 

ccSJt«ur*fjibrc^ (R« i/Ate£^Ti#ML 10 

. HCJg^ffi»ArJt«T<&£ % N i 

CrOx^TMR^7 0B(?)W J:t)/hSl»» 

[0 07 5 ] TMRf^7 0B, 70B' Ceo 

^r, TMRi:bO}g^®afl<#tt^P^0/c o 

*©ts***-r. «*»wTMRjt**L. mmzm^m 
mA&mto mbtmm, *h«6©»sst*^n i c r 

Oxl^TMRS?7 0 B«COC»r©«5BIS**a 

R^T-7 o B' ccoi>t(d»J£ISS£# , c:/p * h u 20 
/c 0 S6^L//cJ:^«:, NiCrOxi^OTMR 

^ TMRiti*m&mmAtm%rj;<%)i i^iz%x 

S^ffi«A#9 (=3X3) urn 1 feLb<Dt§<& 
TMRtbtt^ffl»A£*«:±#fU «fcg#SLlr> 
«|oJ<fc&*. *0— S5tC^0/Cct^CC, NiCr 
Oxl^TMRSf7 0Bm 9 (=3x3) w 
m 1 J:W^t^ii©«^, Jg£jg!SffiR#';- K 
ffitn (DfiJiR 0. 4 5Q) iHSOffl, i> L < « 'J 

£ffi«A#9 (=3X3) Mm 2 «±C7>t§^ S^ffiCi 

[0 07 6 ] <^BEtS??tt»^CC % *Hjfe<D^S<DTM 
R^T-7 0<D— «Lr 4 NiCrOx^F>^Ol/ 
J^)Tm5:ffi7Lfc7MRmi-l 0C (tMXKO. 6x 
0. 6/im* ) *J&f&L. -te>xmm>±J'<«(TXmK£ 

r>^xm^0tc o mite. TMRS^7 0 C tctott *> 

(mA) TX«E 
(V) iiS-r. H8«, TMR$^7 0CKlW-53> 

2^£>X (1/Q) ifttJ^-fr^SE 
(V) fcfc, ±IBHI^(D^CDh>^;U^*';T 

JI^O. 9 nm©N i C r ^JlSr^fbT £ C £ 

[0 07 7 ] S7CC^L/Ccfc^CC. t>XiS0^t« 
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CCjr9, NiCrOx^h>^^''J71(!:ltffll^ 
TMR^7 OCCCfcC^-5 h>*il/3H*tt, — AS 

[007 8] 3e>&t, H9« k TMR70Cte^l>T. 
TMRtt©^YTX*EEttffttCCOC^TIB3icL)ffc«S** 
m~?i><DX*$>2> 0 SSWl^TMRtb (%) 
>UTXnBL (V) ^^-To 

[007 9] §9^0^^^, 'WTXWEG>l8*t 

n^^r^^o H9tc^5jvci>*>j: 5tc, 

mi£^-t2p^e>iE^>^m3:^(7)^[6jtc^b-r^<!:, TM 
RJtfcttZJfflffi (^W7^aE^P©i*©TMRtk) 
^6^1. mBE^-0. 16V*SUiO. 14V(C 
&*<fcTMRtt«ttS8ffl[(D*»©ffl«:«c-5. ^9 

^r^Eo^bccaeorTMRib^s^cca^rsc 

ftC»(W*3*feoTMR**rS6ti*ftil© 

[0080] <<h>*>w*)Tmomfr±m^iji>>'X 
^bMa-r^>c<hccj:o a i o„ frhtzz h>*Ji'**) 

7130D' ZltmU. cn^OTMR^7 0D' 

tetovzm&tmmtm&wmtvmRx a (ra) <d 

mt&^Utci><DX&2> 0 mi occteor. tttttttSMb 
®afuOT;l^~^AJt<Dff# (nm) 
RA (Qum 2 ) £^VT 0 — HI ltt, ^HSfeCD^ 
ffl(D h>*^';7Ji3 0CD— WliLT, NiCr^ 

li^Mfb^a-r^c iccj: off *©aft-sa»© h >^ 

;WA''jri3 0 D£^>&LfcJt^<DTMRi^7 0 Die 
toVZ>RA<Dmt&ffkLtcb<DX$>2> < > mi HCfcli 
r, »»«K{btea«r<DN i CrMiOf^ (nm) 

«tM»RA (Qum* ) 
[008 1]H10fc<fctf81 lK^lfcJ:^, h> 

»n-r^ 0 hi occ7=iO/cA i ox^6«cS8e*oh>^ 

)VJ**)Tm3 0D' <DRA<Di§miZ. Ml liC^L/cN 
i C rOxtSto H>^a'iJ713 0D(DRA<Dtf»D 

^f)telott^o CtitJAlOxOgMS^^Ni 
CrOxi:0W^C^t*^ o 5 ^>CC, RACCOH 
rraO«*rJ:b«l/fci8^ % NiCrOx^OF>^ 
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o Dcommcm^tcN \ c r i m+mm£ o 

cc^^nrc^ct^tc. 1 . 1 nmOT©I^r^l>C 

[0 082]il2{l h >*;U>^* y TH 3 0 

D' £<ix/cTMR5^3 0 D' Ccoivr, h>*;l/^* 

£>& 0 Hi2«:*5i>r, tttt(2. h>^M»;ri3 0 
D' CC^*tl4A10. ©JR*rt4iftoft:»kjfta»© 
7Jl/^^Ai(Df^ (nm) £7jrT 0 013 10 

tt, *HJfi<DJB«0— h >* Jl^< y T» 3 0 D 
^/cTMR^3 0DtCOl^ TMRtb®h>* 

^^yr»©»*tt#tt*iiacUfcis*r**. 013 

NiCrO, <Dllt**4iJQCo/cK{fc«iafr©N iCr^ 

&m<Dm& (nm) 

[0 0 8 3 ] m 1 2K^L/cJ: AlOx^tfF 
>*;U^y7H3 0D' 7nm©a 
CCTMRJt#**ffil (2 5%i) t^TCi^bW. 
— Jj. m 1 3CC*L>/c£MC, AlOx^hy^Jl/ 20 
^yri30D' i^IDiM^rM^n/cNiCr 
Oxtit NiCrCDil^^O. 9 n m<D£ £Ct, TM 
RltfcMfcAffi (ft 1 1-1 2%) tStCtJ&JfoW. 
cftfc<D*S*&>6, N i C r^BtefcttSftBttKfb 

[0 0 8 4 ] i^L/ci^C, N i C rOxSr^tf h> 

* jv y r m<o t m r it « > *§ * ttm-cmm t*r & c 
mr) ^jiowiiccffstiicisrmwi/fc. jmt. * 

[0 08 6] *mffi<DBmc£Z> b 'j7130 

n i c r&£m&jtm'?*>mmum.<D&iEit&m& • 

C£<D2 jSfcioTN i C r^»H(OB*«ifb-rS 40 
tCDT^^o S^^^'^^'J>^^<hLT«, Ni 
C rmM&f<DT)l>zf> (At) <Dfrjj±WMmt)£&& 

i(^i50K) (c^asn5ci*5»*Lc>. ±ieu 

<D3 0%^69 0%*igCDl:b3£ft*£&ffiH££to£C 50 



HS2002-237628 
22 

[ o o 8 7 ] *Jiy z y >y^tf ^ki^/c^r. 

iCCi:0, N i C r O x h > ^ y 7f(Dli 
C<D<fc^CC-rti«J:0»C»TMRJ:b*f# 

[0 0 8 8 ] #^<D»ffllcJ:-& F>*JU^y7B3 0 

ibiffS/caiXD^tt^r*^., A l O. m<OT&mt 

SCiK^DNiCrOxI^Mf-SCi^-C^ C 

M. 2 6k P a©E*-C«»ttBBR»H«*Cc*Bbr 
gfbt^o c(DMfbffi#@^fbffi£PW;m*i©r, 
frM&IMb^T**. C<Dt§^C:fot>T, NiCr^ 

[0 0 8 9 ] mmrm\&kft*&z-z>i?&t it, ±a 

:/5X^Mfb^M*^#A>0CJ:5BWb# 

j**>»*Lt*. »*Lc«fbws«m«. 

^6»«pHO«Hrt«:*S. c<DJ:5««fbEEa««Mb 

[009 o] c©<t^«c. i«e©«»*atRL, h>* 
[0091] j&ll mmmm^m^x^m^otc 

h>^^'J7130iUtN i CrOx^Mt 
[0 09 2 ] ft**, ilSISCEStC^cTMR^ 

Rjtiiss/Nibiow^igti&^^fccitcisae 

[0 09 3] 

*^ 1 1 (Dc^rn^ i ^cciffiKo h >*ii/fift»ainS»» 

^*5j:0'if^312 3^C^fS*S3 3(DC^n^l ^ 
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*j (, » "C 4> M T M R tb t iSS S /N tb <t * £ C <t # pj 
[0094]H!C, 6 $ fc{*S»*B 7 KfEiS© f- 

2 9 tcffittQ h >* JUSSMJSin^SM^ » F W*. Kit 10 

[0 0 9 5 ] fS^Bl 2)&^LIi^2 2cD^-rtl^l 
m T M R tb £ iilS S / N It t Zm$.? £ C t ifi pjfg t fc 

So 

[0 096] *5fGC. IS^ 1 7 £fc&JIi#JS 1 8 K82.K 
© h > * ^^ffitn^J^©!? j£3£i£K: n>s 

(C*sl»T. 9l»CCJ:4K«*|»<fCi3WT#4. 

[01 ] *fW©-*«.©JB»tc«* h>*^'J7i 
*^tf I- >*rt>fiB»J6CBl5Mll2^ ? KCWifabS. 30 

[0 3] g£*S©A 1 Ox©h>*;W\-'J7MfT5 

m?immx$>z>. 

[04 ] *^©-||)5S(D^(C^SN i C r Ox© h 

fiaaS3K^b^©^b?:a-r^tt0-c*S o 40 
[05 ] ^MliO—nMCDfcMltl&ZN i C r Ox© h 

o*ee*^©A i ox©h>*;i<;<MTjf£3nrs 
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©ra^a^#i40r-*s o 
[16 ] *$m<D— mm<Dmmm^N i c r o x© h 

o^jusoa i ox© h>*ju^'j7Ji£W-r£ 

iffln^Yb=£ £ ©K^?r^-r#tt@-C* Z> 

im 7 ] #f£i»©— m&v>Mmc%z> N i C r O x© h 

HT, -b>^Szfe£>'^T^SIE<!:©R|^a-ri|#t40 
[0 8 ] *^©— mWOBt&XCfaZ NiCrO x© V 

or. 3>5rf ^>xi^vr^mE«i:©M^^-ri|# 

140-C&S. 

[09] *^W©-^*fe©BiSlC<:^S NiCrO x© h 

i>r. hv^^^sta^b^i^wrxmiii©^^ 
^a^#tt0-c*s o 

[010] g^^© h >*)mmim$i)mm*ici6<,> 
[0in **?8©-**tcwB*«:«4 h >*inaa«s 

C r ^H©J¥*iS^5£5iffl<!:©H^?r^-r#140-C 

[012] SEjfcM© h >^;namscx^5gT-(ic*j^ 

i h>*^fi^tSJn^fk^£©H^?r*-r#tt0r*> 
S. 

[013] *^w©-jQi©fl5)SK:^s v 

C r^Jl©/l<^<t h>*^mmffiJn^t^£©M^* 

^•r#tt0-cAs« 

\- v^^)vm.m&vmmMr--j f. 9 10 - 
Tssmm y — f . 20 -Ta$m&iiJ!f*. 2 2 ••• f 

». 2 3-Ht*|«I. 2 4-iItt7'J-i. 3 0-4 
f>Fd. 4 4 -S^fiSttJB. 4 6-RSS. 5 0-I 

mm. Bo-jMAiy-F. 7 0 - h>*/wats«sjs 
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